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Summary - Eleven 1-(4-substituted a-arylaminobenzylidene)thiosemicarbazides 1 and the related semicarbazones 2 were syn- 
thesized and tested in vitro for their inhibitory effects on the islets of Langerhans. Only the thiosemicarbazones 1 suppressed the insu- 
lin and glucagon secretions while the somatostatin release persisted. The l-(a-anilino-4-methylbenzylidene)thiosemicarbazide If was 
the most potent suppressor of insulin release and lysed the islet p cells. Zinc sulfate protected islets from the suppressive and toxic 
effects of If. These compounds 1 could be potential drugs for the treatment of insulinomas. 

R&urn6 - Synthese de d&iv& de la thiosemicarhazone du benzamide et activitk cytotoxique sur les ilots de Langerhans. 
Onze 1 -(a-arylaminobenzylidt+te)thiosemicarbazides 1 ainsi que les semicarbazones homologues 2 ont e’te’ synthe’tisees et test&es pour 
leurs proprietes inhibitrices sur les secretions des ilots de Langerhans. Seules les thiosemicarbazones 1 inhibent la secretion d’insu- 
line et de glucagon: celle de somatostatine persiste. La molecule la plus active est la I-(a-anilino-l-me’thylbenzylidPne)thiosemicar- 
bazide If. La presence de sulfate de zinc supprime les effets inhibiteurs et cytotoxiques de If. De tels compose’s pourraient avoir une 
application dans le traitement des insulinomes. 

benzamide thiosemicarbazone derivatives / benzamide semicarbazone derivatives / Langerhans islets 

Thiosemicarbazones are known for their antitumoral 
[ 11, antiviral [2], antiparasitic [ 31, antiinflammatory 
[4] and tuberculostatic [5] properties. Their activities 
have often been related to their ability to form 
complexes with transition metal ions [6]. Diabeto- 
genie agents such as dithizone, oxine, quinaldic acid 
or quinoline derivatives appear to act via chelation of 
zinc in the pancreatic p cells [7]. Up to now, treatment 
of surgically unextirpable insulinomas is an unresol- 
ved problem. Use of specific cytotoxic drugs of p 
cells of islets of Langerhans, such as streptozotocine 
or pentamidine, has been proposed to palliate this 
difficulty [8], with, as yet, unsatisfactory results. 

In order to develop new cytotoxic agents (diabeto- 
genie) as potential therapeutic drugs, the effective 
zinc chelating benzamide thiosemicarbazone deriva- 
tives, 1-(4-substituted a-arylaminobenzylidene)thio- 
semicarbazides 1, the related semicarbazones 2, the 
semicarbazones 3 and thiosemicarbazones 4 were 

*Correspondence and reprints 

synthesized. The inhibitory activities of these com- 
pounds against insulin as well as glucagon and 
somatostatin secretions were evaluated in vitro on 
isolated rat islets of Langerhans. 

Chemistry 

The thiosemicarbazones la-h and semicarbazones 
2a-h (table I) have been prepared by treatment of 
amidrazones 5a-h by phenylisothiocyanide [9] or 
phenylisocyanide, respectively, in chloroform at 0°C 
(scheme 1). 

Amidrazones 5 were formed, apart from traces of 
dihydrotetrazines as by-products, by the action of 
hydrazine hydrate on the corresponding thioamides 6 
[lo]. These thioamides were obtained by sulfuration 
of the corresponding amides with phosphorous penta- 
sulfide [ 1 l] in pyridine as solvent. 

Thiosemicarbazones li-k and the semicarbazone 2i 
(table I) were synthesized by reaction of methyl thio- 
imidates 7a-c with thiosemicarbazide or semicarba- 
zide, respectively [ 131. Finally, arylimidate hydro- 
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chlorides Sa, b were reacted with semicarbazide in the 
presence of triethylamine to give the semicarbazones 
3a, b [ 141 and with thiosemicarbazide in DMF to give 
the thiosemicarbazones 4a, b [ 151. 

Physico-chemical data were in agreement with the 
proposed structures. 

Results and Discussion 

The 24 compounds 1, 2, 3, 4 were evaluated in vitro 
for their ability to suppress the insulin release induced 
by arginine + theophylline in isolated rat islets of 
Langerhans. All thiosemicarbazones 1 inhibited the 

Table I. I-(4-substituted a-arylaminobenzylidene)thiosemicarbazides 1. 

insulin release (table II). However, only the 4 thio- 
semicarbazones lf, g, j, k are significantly active in 
this series (ZC,, < 20 pM). The related compounds 2, 
3 and 4 did not affect the p cell response (ZC,, > 
100 pM). That is, the replacement of either the thio- 
carbonyl group by a carbonyl one (1 vs 2 or 3) or the 
anilino group by an ethoxy one (1 vs 4) leads to inac- 
tive compounds. 

For thiosemicarbazones 1, substitution at N-4 by a 
phenyl group (substituent R”) did not markedly 
influence the activity (la, f, h vs li-k). Likewise, in 
compounds 1, the substitution by R’ = OMe, Me or Cl 
(lb, lc, Id, respectively) did not significantly modify 

eN-NH-CS-NH-R’ 
R@C 

‘Nb@R 

I R R’ R” mpa Yield 
(“c) (%b)b 

Formula 

aH H Ph 153~ 50 GoH&S 
b H Me0 Ph 142 60 WW@S 
c H Me Ph 146d 55 G,f&oW 

d H Cl Ph 162 71 GoH,,CW 
e Me0 H Ph 174 62 CZIHZON,OS 
fMe H Ph 161 63 CnHzoW 
g Cl H Ph 152-3 52 &,H,,ClN,S 

b NO2 H Ph 198 30 GoHIPsW 
iH H H 212e 60 W-L,N,S 
jMe H H 184 65 G&W 

k NO2 H H 220 87 GJ-W~W 

PMR 6 
IPPm) 

6.5-7.8 (m, 15H), 9.1 (s, lH), 9.9 (s, lH), 10.6 (s, 1H) 
3.65 (s, 3H), 6.7 (s, 4H), 7.15-7.85 (m, lOH), 8.9 (s, lH), 9.75 (s, lH), 10.4 (s, 1H) 
2.2 (s, 3H), 6.6 (d, 2H), 7 (d, 2H), 7.15-7.8 (m, lOH), 9 (s, lH), 9.8 (s, IH), 10.45 (s, 
W 
6.65 (d, 2H), 7.1-7.5 (m, SH), 7.65 (d, 4H), 9.1 (s, lH), 9.85 (s, lH), 10.4 (s, 1H) 
3.8 (s, 3H), 6.5-7.8 (m, 14H), 9 (s, lH), 9.9 (s, lH), 10.45 (s, 1H) 
2.3 (s, 3H), 6.65-7.8 (m, 14H), 9 (s, lH), 9.85 (s, lH), 10.5 (s, 1H) 
6.7 (d, 2H), 6.85-7.5 (m, SH), 7.65 and 7.7 (2d, 4H), 9.05 (s, lH), 9.9 (s, lH), 10.45 (s, 
1I-U 
6.5-8.3 (m, 14H), 9.25 (s, IH), 10.15 (s, lH), 10.8 (s, 1H) 
6.4-7.7 (m, 1 lH), 8.1 (bs, lH), 8.8 (s, lH), 10 (s, IH) 
2.25 (s, 3H), 6.6 (d, 2H), 6.8-7.3 (m, 5H), 7.5 (d, 2H), 7.65 (bs, IH), 8.15 (bs, lH), 8.85 
(s, lH), 10.05 (s, 1H) 
6.45-7.3 (m, 5H), 7.6-8.3 (m, 6H), 8.95 (s, lH), 10.25 (s, 1H) 

- 

I-(4-substituted a-arylaminobenzylidene)semicarbazides 2. 
R-(gpC 

‘NH@t’ 

2 R R’ R” mp” Yield 
(“C) @P 

aH H Ph 206 35 
b H Me0 Ph 214 72 
c H Me Ph 232 75 
d H Cl Ph 242 65 
e Me0 H Ph 208 30 
f Me H Ph 208 37 
g Cl H Ph 229 46 
h NO2 H Ph 220 22 
iH H H 218 83 

Formula Ph4R 6 
fwm) 

6.5-7.8 (m, 15H), 8.5 (s, IH), 8.9 (s, lH), 9.55 (s, 1H) 
3.65 (s, 3H), 6.5-7.6 (m, 14H), 8.15 (s, lH), 8.6 (s, lH), 9.25 (s, 1H) 
2.15 (s, 3H), 6.5 (d, 2H), 6.85-7.75 (m, 12H), 8.3 (s, lH), 8.8 (s, IH), 9.35 (s, 1H) 
6.65 (d, 2H), 6.9-7.5 (m, SH), 7.6 (d, 4H), 8.5 (s, lH), 8.8 (s, lH), 9.4 (s, 1H) 
3.8 (s, 3H), 6.6-7.9 (m, 14H), 8.5 (s, lH), 8.95 (s, lH), 9.45 (s, 1H) 
2.3 (s, 3H), 6.65 (d, 2H), 6.75-7.75 (m, 12H), 8.35 (s, lH), 8.8 (s, lH), 9.35 (s, 1H) 
6.5 (d, 2H), 6.7-7.6 (m, 12H), 8.35 (s, lH), 8.75 (s, lH), 9.3 (s, 1H) 
6.6 (d, 2H), 6.7-7.9 (m, SH), 7.95 and 8.25 (2d, 4H), 8.6 (s, lH), 9 (s, lH), 9.75 (s, 1H) 
6.3-7.65 (m, 12H), 8.25 (s, lH), 8.8 (s, 1H) 

aRecristallization solvent: ethanol. bYields were not optimized. CLit [9] mp = 15&151”C. dLit [9] mp = 141°C. eLit [12] mp non mentioned. 
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NH2-NH2 ,I%20 

R+s 

6 

X=C=N-Ph 

7 a-c kd 
X=S 1 i-k 
X=0 2 i 

m /,N-NHCSNH2 
NH2-NH-CR-NH2 

D.M.F. 

6 a,b NH2-NIfCO-NH2 

N Eta u 
3 a,b 

Scheme 1. 

the activity of la (R’ = H). On the contrary, significant 
variations of ZC50 values were observed with the 
nature of the R substituent but no correlation has been 
shown between these values and the electronic contri- 
bution of the R group. 

In parallel to these studies, we have examined the 
effects of thiosemicarbazones 1, in particular, on both 
glucagon and somatostatin release induced by argi- 
nine + theophylline (table III) in order to observe an 
eventual intrainsular specificity of 1. Tested at 104 M, 
all thiosemicarbazones 1 inhibited the release of 
glucagon by the islet A cells, but not that of somato- 
statin by the islet D cells. Compounds 2, 3 and 4 were 
without effects. The thiosemicarbazide did not 
suppress the p, A and D cells responses to arginine + 
theophylline. The cytotoxic activity was determined 
by a Trypan blue exclusion test. One min following 
addition of the isotonic Trypan blue solution, the dark 
blue islets were distinguishable from the bright white 
intact islets. Nine percent of the islets (vs 86% for 
control islets) were unstained after 18 h in the 
presence of 1W M If. 

Table II. Influence of thiosemicarbazones 1 on the p cell 
response from rat islets incubated in vitro. IC,,, compound 
concentration that produces 50% of insulin secretory 
response to arginine + theophylline 

&NH-CS-NH-R” 
R++C 

‘NH-@-R 

1 R R’ R” 

F.3 H H Me0 H Ph Ph 59 52 f f. 14 13 

ii 
H Me Ph 6Ork 9 
H Cl Ph 71 f 21 

e Me0 H Ph 70 f 10 
f Me H Ph 3f 1 
: Cl H Ph 10f 5 

NO2 H Ph 46f 7 
i H H H 52f 8 

L 
Me H H 14+ 3 

NO2 H H 8f 2 
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Table III. Influence of 1W M thiosemicarbazones 1 and 4 
and semicarbazones 2 and 3 on the A and D cells responses 
from rat islets incubated in vitro. The 100% response 
corresponded to control rat islets, incubated for 18 h in 
basal medium and stimulated by 20 mM arginine + 5 mM 
theophylline for 30 min. Results are expressed as mean 
k SEM. 

*N-NH-CX-NH-R’ 
R@C 

‘NH@-R 

N” X R R’ R” Glucagon Somatostatin 
(%)a (%P 

la S H H Ph 15+ 6” 115 + 13 
lb S H Me0 Ph 7+ 2* 90f 6 
lc s H Me Ph ilk 5” 80f 5 
Id S H Cl Ph ilk 3” 79 k 14 
If S Me H Ph 8f l* 80f 5 
lg S Cl H Ph 5+ 1” 85k 9 
lh S NO, H Ph 14 + 5* 112 + 16 
lk S NO2 H H 13 f 2* 115rt 8 
2c 0 H Me Ph 95f 6 90 f 10 
2d 0 H Cl Ph 78f 8 127 + 16 
Control islets 100 f 13 lOO+ 6 

&N-NH-CO-NH-R’ 
R-@-C 

‘NH2 

3 R R” Glucagon (%)a Somatostatin (%)b 

b Me H - 91 k I 

.N-NH-CS-NH-R” 
R@-C 

‘OEt 

4 R R” Glucagon (%)a Somatostatin (%)b 

a H H 84 f 11 125& 8 
b Me H - 113 + 16 

Thiosemicarbazide 125 f 22 91f 9 

*P < 0.001 statistical differences between control and test 
islets. aPercent of control glucagon secretory response to 
arginine + theophylline. bPercent of control somatostatin 
secretory response to arginine + theophylline. 

Some extrainsular cell lines (fetal rat fibroblasts, 
hepatocytes from Wistar rats, Madin Darby Canine 
Kidney MDCK) appeared to be less sensitive than p 
cells to the thiosemicarbazone lf, the most potent 
inhibitor in the series (results to be published). 

A protective effect of zinc sulfate on p and A cells 
function in the presence of the thiosemicarbazone If 
was detected (table IV) and the Trypan blue exclusion 
correlated this result. Zinc ions could complex the 
compound If before it suppressed b and A cell func- 
tions. The study of complexes between zinc ions and 
ketone thiosemicarbazones were reported [ 161. 
Compounds la and li were also reported as being 
able to chelate molybdenum (V) [ 121. The formation 
of a chelate between If and zinc ions was shown by 
the comparison of PMR spectra (in DMSO-d6) of 
compound If in the absence or presence of zinc ions. 
On the contrary, under the same conditions, the PMR 
spectra of the parent semicarbazone 2f was not 
modified. 

Zinc plays an important role in insulin biosynthesis, 
storage and secretion [ 17, 181 and in glucagon storage 
by stabilizing the conformation of the glucagon mol- 
ecule [ 191. Other substances which chelate zinc ions 
have been shown to be diabetogenic. Thus, the induc- 
tion of chemical diabetes by diphenylthiocarbazone, 
for example, is accompanied by a loss of histochemi- 
tally detectable zinc from pancreatic p cells [20]. 

Elsewhere, the 2-formylthiosemicarbazones has 
formed strong coordination complexes, often intensi- 

Table IV. Protective effect of Zn*+ against the p and A 
cells with regard to toxicity of compound If. The 100% 
response corresponded to control rat islets, incubated for 
18 h in basal medium and then stimulated by 20 mM argi- 
nine + 5 mM theophylline for 30 min. Test islets were 
exposed to 1V M If and to 1W M salts. Results are 
expressed as mean k SEM. 

Insulin 
(%P 

Glucagon Percent of 
f%Jb unstained islets 

(Ttypan blue) 

Control islets lOOk 4 100 f 13 86 
If 13 zk 2*** 8 f l*** 9 
If + Zn*+ 129 k 20 121 f 34 89 
If + Ca*+ 31 f 3** 17 f 1*** 31 
If + Mg*+ 8 + l*** - 10 
If + Fez+ 17 f 3*** - 4 
If + Fe3+ 16 + 2*** - 6 
Islets + Zn*+ 77f 1* 197 f 65 82 
Islets + Ca*+ 86 f 10 125 f 16 100 
Islets + Mg*+ 128 + 4 - 82 
Islets + Fe*+ 82f 6 - 81 
Islets + Fes+ 83f 5 - 87 

*P < 0.05, **P < 0.01, ***P < 0.001: statistical differences 
between control and test islets; apercent of control insulin 
secretory response to arginine + theophylline; bpercent of 
control glucagon secretory response to arginine + theophyl- 
line. 
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vely colored, with divalent ions (Fe, Co, Ni, Cu, Zn) 
but did not coordinate Mg and Ca [21]. With the 
compound If (at 10-4 M for 18 h) the suppression of 
the p and A cells responses to arginine + theophylline 
was not affected by the presence of lo-4 M calcium 
chloride or magnesium sulfate in an incubation 
medium. In the same manner, neither the presence of 
iron (II) sulfate, nor that of iron (III) chloride pro- 
tected the p cell function from 19f effects. The Try- 
pan blue exclusion correlated this result (table IV). 

The antineoplastic activity of thiosemicarbazide 
derivatives, which was elucidated with 1 -formyliso- 
quinoline thiosemicarbazone, required metal binding 
potential and the capacity to inhibit the synthesis of 
DNA [22]. 

Experimental protocols 

Chemistry 

Melting points (uncorrected) were determined by using a Buchi 
oil heated apparatus. IR spectra were recorded as KBr disks 
with a Perkin Elmer 1310 spectrophotometer. PMR spectra 
were recorded on a Brucker WP 80 spectrometer in DMSO& 
with tetramethylsilane as the internal reference. Analytical 
results obtained for C, H, N of new compounds were within 
f 0.4% of the calculated values. 

I-(4-Substituted a-arylaminobenzylidene)- 
4-phenylthiosemicarbazides la-h 
Phenylisothiocyanate (0.55 g, 4 mmol) was added at 0°C to a 
solution of benzamidrazone 5 (4 mmol) in dry chloroform (20 
ml). The precipitated compounds 1 were filtered and recrystal- 
lized from ethanol (table I). IR (KBr) cm-i: 3350-3320, 
330&3250,319&3120 (NH). 

I-(4-Substituted a-anilinobenzylidene)thiosemicarbazides Ii-k 
To a solution of thioimidate 7 (8 mmol) in dry DMF (25 ml) 
was added thiosemicarbazide (0.91 g, 10 mmol). The reaction 
mixture was stirred at room temperature for 5 d and poured 
into cold water. The precipitated compounds 1 were filtered 
and recrystallized from ethanol (table I). IR (KBr) cm-r: 3400, 
333&3320,3280-3260,316@-3140 (NH and NH,). 

I-(l-Substituted a-arylaminobenzylidene)- 
4-phenylsemicarbazides 2a-h 
Phenylisocyanate (0.47 g, 4 mmol) was added at 0°C to a sol- 
ution of benzamidrazone 5 (4 mmol) in dry chloroform 
(20 ml). The precipitated compounds 2 were filtered and 
recrystallized from ethanol (table I). IR (KBr) cm-t: 3360, 
3220-3200 (NH), 1670-1665 (CO). 

I -(a-Anilinobenzylidene)semicarbazide 2i 
To a solution of thioimidate 7a (8 mmol) in dry DMF (15 ml) 
was added a solution of semicarbazide hydrochloride (1.11 g, 
10 mmol) and triethylamine (10 mmol) in methanol (10 ml). 
The reaction mixture was stirred at room temperature for 3 d 
and poured into cold water. The precipitated compound 2i was 
filtered and recrystallized from ethanol (table I). IR (KBr) 
cm-t: 3340,319O (NH and NH,), 1650 (CO). 

Amidrazones Sa-h 
Compounds 5a, c, h [lo], Sb, f [23], 5d, e [24] have been 
synthesized by a published method [lo]. The new amidrazone 
5g has been prepared by the same method in 63% yield; mp = 
91-92°C. IR (KBr) cm-i: 3380, 3340 (NH and NH,). PMR 6 
ppm: 67.6 (m). Anal C,,HnC1N3 (C, H, N). 

Methyl N-phenylthiobenzimidates 7a-c 
To a stirred solution of 5 mmol of the corresponding N-phenyl- 
thiobenzamide 6 (R’ = H with R = H, Me or NO*, respectively) 
in 1 N sodium hydroxyde ethanol (20 ml) methyl iodide 
(1.13 g, 8 mmol) was added at 0°C. Spontaneously, the product 
partially precipitated. Precipitation was completed by pouring 
the mixture into cold water. The precipitated product was 
filtered and recrystallized from ethanol to give 7a, mp = 61°C 
(Lit [25] mp = 6364°C). 7b Yield: 0.9 g (75%), mp = 49°C. 
IR (KBr) cm-i: 1610 (C=N). PMR 6 ppm: 2.35 (s, 6H), 6.5-7.5 
(m, 9H). Anal C,,H,,NS (C, H, N). 7c Yield: 1.18 g (92%), 
mp = 104°C. IR (KBr) cm-i: 1610 (C=N). PMRG ppm: 
2.2-2.6 (m, 3H, E +Z), 6.7-8.4 (m, 9H). Anal C,4H,2N202S 
CC, H, N). 

PMR spectra of Zf and 2f in the presence of zinc ions 
Spectra of compound If were run with 3 molar ratios of If rela- 
tive to dry zinc chloride: l/l, 2/l and 4/l. A 219 mM reference 
solution of If (158 mg, 0.44 mmol) in DMSOcl, (2 ml) was 
prepared. Then, 660, 560 and 700 ~1 of this solution were 
added to 19 mg (0.14 mmol), 8 mg (0.061 mmol) and 5 mg 
(0.038 mmol), respectively, of dry zinc chloride. The three NH 
singlets at 9 ppm (a-N), 9.85 ppm (N-2) and 10.45 ppm (N-4) 
were identified by comparison of spectra of compounds la-h, 
li-k and 4a, b without zinc ions. An extinction was observed 
for the 9 and 10.45 ppm signals while the 9.85 ppm signal 
became a fairly broad singlet. This result is in agreement with a 
comulex formation 1221. 

Spectra of compound 2f (55 mg, 0.16 mmol) in DMSO-& 
(0.5 ml) was run. When this solution was added to 21 mg (0.16 
mmol) of dry zinc chloride, the 3 NH singlets at 8.35, 8.8 and 
10.45 ppm of the PMR spectra were unaffected. 

Biological assays 

Functional studies 
Pancreatic islets of Langerhans were isolated from non-fasted 
male Wistar rats (IFFA Credo, L’Arbresles, France) by using a 
collagenase method [26]. Islets were purified either by hand 
picking or by centrifugation on a density gradient method [27]. 
They were then cultured for 24 h at 37°C under an O&OZ 
(95%/5%) atmosphere in MEM (Minimum Eagle Medium, 
Gibco, Paris, France) supplemented with 0.814 mg/l non essen- 
tial aminoacids, 1 mM sodium pyruvate, 2 mM glutamine, 10% 
inactivated fetal calf serum (FCS, Flow) and 100 @J/ml peni- 
cillin + 100 pg/ml streptomycin. This basal medium contained 
glucose at a concentration of 5 mM. All compounds 
(0.01 mmol) were dissolved in DMSO (1 ml) and diluted in 
basal medium. They were then transferred into microtitration 
plates (Beckton-Dickinson, Rockville, MD, USA). Five islets 
per well were exposed to compounds for 18 h at lV, 2 x 10-s 
or l@ M under an O&O2 (95%/5%) atmosphere. 

At the end of the incubation period, the islets were washed 
twice and exposed for 30 min either to a basal medium 
(containing 5 mM glucose) or to a stimulatory medium contai- 
ning 20 mM L(+) arginine hydrochloride and 5 mM theophyl- 
line. Supernatants were harvested and added to 4000 U/ml 
trasylol + 12 mg/ml EDTA and then kept frozen at - 20°C until 
hormone determination. 
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Control experiments were run in parallel in the presence of 
DMSO (1% v/v). which did not affect the cell resuonses to 
arginine ‘+ theophylline. Similar experiments were donducted 
for compound If in the presence of zinc sulfate, magnesium 
sulfate or calcium chloride during incubation. 

Insulin, glucagon and somatostatin were determined by 
radioimmunoassay [28] using charcoal for the separation of 
free and bound hormone [29]. Purified rat insulin (Novo, 
Copenhagen, Denmark), pork glucagon (Novo) and synthetic 
cyclic somatostatin (Clin Midi, Montpellier, France) were used 
as standards. The glucagon antiserum-was the 30 K serum from 
R Unaer (Dallas. Tex. USA) and that used for somatostatin 
assay-was‘s gift from J Gerich (Rochester, Minn, USA). It was 
verified that compound lf, when added to the radioimmunoas- 
say incubation medium, did not interfere with the tracer anti- 
body binding. The interassay variation coefficients were 10% 
(insulin) and 5% (glucagon and somatostatin). 

I&, determination 
For each compound, the IC,, value was determined graphically 
from the corresponding log concentration/insulin secretion 
inhibition plots. For each determination, at least 4 different 
inhibitor concentrations were ranged in the linear part of the 
inhibition curve. 

Cytotoxicity studies 
Trypan blue exclusion test. Control and test islets were ex- 
posed to a 0.5% solution of Trypan blue (w/v) in a 0.154 M 
NaCl solution for 1 min and then examined under a dissecting 
microscope (X 40) with episcopic light (Wild M3Z, Heerbrugg, 
Switzerland). 
Statistical analysis. Results are expressed as mean f SEM. 
Statistical significance of differences was analyzed by using the 
student’s t-test for non-paired values. 
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